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A.  BROAD PROGAW Oi3JECTIVE 
The general objective of t h i s  research program i s  t o  consider new 
techniques which can be expected t o  o f fe r  s ign i f i can t  increases ir, the  
r e l i a b i l i t y  of vi+&l electronic  syste,s.  These increases can nor ra l ly  
be real ized by giving the systems the  c a p b i l i t y  t o  withstand a r e b t i v e l y  
l a rge  percentage of internal component f a i lu re s  without l o s s  of  system 
funct ional  operation. The scope o f  t h i s  program has included the  stndy 
of e r ro r  detecting and e r ro r  correcting codes, the problems associated 
with the operation and maintenance of redundant equi.rcent, new schemes 
f o r  permitting redundant system reorganization in response t o  changing 
f a i l u r e  patterns,  adaptive log ic  networks and others.  
B. SPECIFIC OBJECTIVES OF THE PREZn’T PiUSE OF THZ PROGFAX 
The present phase of t he  e f fo r t  has been divided i n t o  two d i s t i n c t  
sections.  The first,  s;nailer portion, provides f o r  the  documentation 
of a computer simulation program which was developed under a previous 
phase of t h i s  contract .  
r e l i a b i l i t y  analyses of a wide var ie ty  of f a i l u r e  responsive redmdant 
The program i t s e l f  provides a means f o r  performing 
system. 
i s  the  development of computerized procedures f o r  e f f i c i en t ly  a l loca t ing  
The objective of the  major portion of t h i s  ,phase of tne contract  
-. 
a l imi ted  number of t e s t  points within a redundant 
t h e  system r e l i a b i l i t y  when one o r  more components 
time of estimation. 
C. 
- 
STATUS OF THE C O M P U T B  PROGM DOCUIGNTATION 
systen and f o r  es t ixa t ing  
nay have f a i l ed  a t  the 
Special Technical Iieport No. 6 , documenting the  Fai lure  Responsive 
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Systems computer simulation ?rogran?, Was dist r ibuted i n  Pky. it i s  ol" 
i n t e re s t  to note tha t  t h i s  siradation program i s  expected t o  be used 
extensively in perf orrance of contract No. i)~-28-mc-023 ( E) corxernirig 
the  investigation of self-repair  techniques. This one year contract, 
between Westinghouse and U.S. Army Bec t ron ic s  Corrmnd, Was i n i t i a t e d  
June 1, 1966. 
D. TECHNICAL ACTIVITY AND STATUS OF THE TEST POIXT ALLOCATION AIIO 
IiELIABILITy ESTIMATION TASKS 
The second quarterly report  indicated tha t  t he  block rrodel r e l i -  
a b i l i t y  analysis procedure, developec! by D. X. Xubinl, of J.P.L., was 
being considered as an a l te rna t ive  t o  the minim1 cuts r e l i a b i l i t y  
analysis procedure. That report  described several  advantages t o  be 
expected from such a change in analysis technique. 
A t  t h i s  time, Mr. Rubin has shown tha t  t he  block model i s  more 
accurate than the minimal cuts technique i n  estimating the  r e l i a b i l i t y  
of series-connected t r i p l e  modularly redundant majority-voted networks. 
Although it has not been proved t h a t  the  block model r e l i a b i l i t y  estimate 
i s  always more accurate f o r  complex systems involving multiple fan-in, 
fan-out, feedback and feedforward, the comparison of r e l i a b i l i t y  es t i -  
mates f o r  several  specif ic  systens indicates  t h a t  t he  block nodel i s  more 
accurate  than the m i n i m a l  cuts model f o r  most prac t ica l  systems. 
ce r t a in  cases, where extremely long feed-back loops a r e  present, it 
appears t h a t  the block-reliabil i ty arnlysis my give a =ore 2essimistic 
r e l i a b i l i t y  estimate than the  xnbimal  cuts analysis procedure. 
I n  
1. "The Placement of Majority Voters within Plodularly Redmdant Dig i ta l  
Systemstt, by D. K. Rubin, Masters Thesis, University of California, 
Los Angeles. 
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After carefully compring t h e  various aspects of the  n5niiml cuts 
analysis and the  block r e l i a b i l i t y  analysis,  the decisior, v a s  zzae 
A p r i l  1966 t o  use the l a t t e r  as the basis  for t he  r e l i a b i l i t y  e s t i i t i o n  
procedure being developed for the  ?resent program. 
prac t ica l  u t i l i za t ion  of t h i s  analysis procedure was t o  wri te  a general 
computer program which could provide an estirrate of the  r e l i a b i l i t y  of 
almost any d i g i t a l  system given tha t  all units i n  the  systea were known 
t o  be working a t  the time o f  t h e  estimte. 
The first s t e p  toward 
Such a program has been wri t ten i n  FORTRAN I V .  Several t e s t  problems 
have been run on the program, and the r e su i t s  support the  hypothesis t h a t  
t he  model does produce a lower bound which i s  greater  than o r  equal the 
minimal cuts  model f o r  complex-connected systems. 
i s  s igni f icant ly  simpler in concept and requies much fewer instruct ions 
than the computer implementation of t he  m i n h l  cuts model. 
The program i t s e l f  
This program has provided t h e  base f o r  the final coxputer progrm 
required t o  estimate system r e l i a b i l i t y  when a l l  un i t s  a r e  not known 
t o  be working a t  the time of t e s t .  
must be working a t  the time the  estimate i s  made, introduces a number of 
i n t e re s t ing  problems. 
Relaxing the  assumption t h a t  a l l  un i t s  
A f e w  of  these problems are described below. 
Figure 1 shows one rank of a t r ip l ica ted  system with two t e s t  2oints 2 , 
A and B. A t  t he  time of test ,  i f  tes t  point A detects  an e r ro r  indicat ing 
2. Important Note: Test points have been redefined t o  mean a source of 
information tha t  indicates whether the signai a t  that point i s  i n  error .  
This i s  in contrast  t o  the assumption t h a t  a t e s t  point would reveal 
t he  exact operational state of a par t icu lar  u n i t  (subsystem). 
redef in i t ion  great ly  complicates the analysis, but i s  much more prac t ica l  
i n  terms of the hardware implementation considerations. 
This 
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Y I 4 . 5  X B  
Figure 1 - One Rank of an &ample System 
with no Voters Between Y and A B o r  C. 
a s t r i n g  f a i l u r e  in units 1, 2, o r  3, and point B shows no f a i lu re ,  un i t s  
2 and 3 can be considered f a i l ed ,  and 1, 4, and 5 can be considered working. 
The probabili ty that the  s t r i n g  consisting of units 2 and 3 is working a t  
t e s t  is 0, while the p robab i l i t y the  units 1, 4 and 5 a r e  working is  1. 
The probabi l i t i es  that 1, 4, and 5 work u n t i l  the mission is  completed 
can be computed using the respective f a i l u r e  rates f o r  the units together 
with the  information that they were working a t  the  time of tes t ing .  The 
probabi l i ty  that unit 6 is working a t  test time, and the  probabili ty t h a t  
ib w i l l  work unt i l  mission time a re  both computed from the f a i l u r e  rate 
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information alone since there  is no addi t iona l  information from the 
tes t  data. 
A more complex s i tua t ion  could occur, in which a uni t  appears in one 
In t h i s  o r  more f a i l e d  strings, and a l s o  appears in a n  untested s t r ing .  
case, the  probabili ty t h a t  the u n i t  i s  working cannot be set t o  zero, 
s ince it must be used in the  estimation of the untested s t r i n g ' s  r e l i a -  
b i l i t y .  The unit's r e l i a b i l i t y  is calculated from the f a i l u r e  r a t e s  of 
all the  uni t s  in the f a i l e d  s t r ings,  with the  condition that a t  least 
one of these units is fa i l ed .  
During t h i s  quarter,  techniques have been developed f o r  including 
tes t  information in the r e l i a b i l i t y  estimation procedure. These tech- 
niques are now being implemented a s  addi t ions t o  the block reliabil i ty 
analysis computer program. 
changes have been made, but the new version of the program has not ye t  
been punched onto cards and run. 
mark the accomplishment of one of t he  m j o r  project  goals - development of 
a prac t i ca l  technique f o r  estimating system r e l i a b i l i t y  based on p a r t i a l  
system test. 
A t  the present time most of the  programming 
The completion of t h i s  program w i l l  
It should be noted t h a t  in order t o  take advantage of the reference 
signals inherent in redundant systems, it i s  presently being assumed that 
a l l  tes t  points are comparator type c i r cu i t s ,  which compare two of the  
rep l ica ted  signals t o  disclose failures. "his eliminates the  need f o r  
t h e  generation of an external reference signal during test. It is 
6 
fu r the r  being assumed that each tes ted locat ion W i l l  have two such 
Comparator tes t  points, so that the operation of a l l  three ranks w i l l  
be tes ted.  
The comparator type tes t  point is par t icu lar ly  advantageous f o r  t h i s  
appl icat ion because the  assumption i s  being made t h a t  the system w i l l  
be exercised su f f i c i en t ly  t o  confirm overal l  system operation a t  the 
time of test. 
type tes t  point will detect  f a i lu re s  i n  any uni t  except cer ta in  input 
failures in majority voters.  
When such an exercise i s  performed, t he  simple comparator 
The second major goal of the project is t o  develop a prac t ica l  technique 
f o r  o p t i m w l l y  a l loca t ing  a l imited number of test points t o  the possible 
t e s t  point "sites" i n  a large redundant system. This phase of the project 
was expected t o  require the use of the  r e l i a b i l i t y  analysis  procedure 
discussed above. 
toward the deve lopent  of a sui table  value (or  objective) function which 
The e f fo r t  on t h i s  task has, therefore,  been oriented 
could be optimized t o  provide a correlated optimum pat tern of t e s t  point 
locat ions.  The success of t h i s  e f fo r t  has been f rus t r a t ed  by a number 
of problems a l l  of which are related t o  the s ing le  problem of defining 
w h a t  t he  ac tua l  value of any test  is. 
The necessity of having a sui table  value function before fur ther  
work on t h i s  task  can be f r u i t f u l l y  continued has resul ted i n  a reduction 
i n  the l e v e l  of e f f o r t  by all contract personnel except t he  project 
engineer. The d e v e l o p n t  of a value function by the  project  engineer 
w i l l  be followed by an immediate resuiiption i n  l e v e l  of  e f f o r t  by ciher  
project  personnel t o  compiete tine necessary pxgrzxxing and documntaiion. 
I n  order t o  f u l l y  meet the project objectives a two nonth, no-cos?;, extemion 
has been requested and granted. 
E. TECHNICAL ACTIVITIZS PLANNZI FOR THZ R I W I N D L i  OF THE CO,liTAUCT 
1. 
2. 
3. 
4. 
5. 
6. 
Development of a Generalized Value Function 
Programming of the al locat ion procedure 
Completion and t e s t  of  the Nodified Block Rel iab i l i ty  Analysis 
Computer Program 
Test of the al locat ion procedure by a l loca t ion  o f  a l imited 
number of t e s t  points t o  the J.P.L. Redundant Spacecraft Sequencer 
Document the a l loca t ion  grocedure and the analysis  procedure 
computer program i n  d e t a i l  
Prepare a final report  
G. MANAGEPENT AND Pif;fiSOhTNE, 
The management of t h i s  contract continues t o  be performed by the 
Advanced Developent Subdivision of the Surface Division of the  Iu’es‘;ing- 
house Defense and Space Center. 
respons ib i l i ty  f o r  t h i s  program include: 
The znageaent  persoAnnel with primary 
Mr. Sydney E. L o r i ,  Director of  Developent 
24~. Theodore Hamburger, Supervisory Engineer 
The technical  personnel assigned t o  the program during t h i s  contract  
quar te r  include : 
Mr. Charles G. Masters, Jr . ,  Project Engineer 
Mr. Frank B. Cole, Sensior Zngineer 
Mr. Joseph M. Hannigan, Associate b g i n e e r  
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